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BES Phase Il — Physics Cases for iTPC -\

Beam Energy Scan — Phase | Results:
* Seen the turn-off of QGP signatures.
* Seen suggestions of the first order phase transition.
* Not seen conclusive evidence of a critical point.

The most promising region for refining the search is in
the lower energies=» 19.6, 15, 11.5, 7.7, and lower.

The iTPC Upgrades strengthen the BES Il physics program,
and enables new key measurements:
* Rapidity dependence of proton kurtosis

* Dilepton program (sys. errors and intermediate mass region)
* Enables the internal fixed target program to cover 7.7 to 3.0 GeV
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The STAR Upgrades and BES Phase |l

Major improvements B N\
for BES-II vent ‘lane | 'etector

EPD Upgrade:
* Improves trigger

* Reduces background
* Allows a better and

4| independent reaction
plane measurement
critical to BES physics

iTPC Upgrade:
e Rebuilds the inner
sectors of the TPC

* Continuous Coverage .
* Improves dE/dx EndCap TOF Upgrade:

- Extends 1 coverage * Rapidity coverage is critical

from 10 to 15 C PID at T] = 09 to 15
* Improves the fixed target

* Lowers p; cut-in from

125 MeV/c to 60 MeV/c Areirein
* Provided by CBM-FAIR
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What is the Current TPC? i’q’LL

24 sectors
e 12 on each side

« Large pads for good
dE/dx resolution in the
Outer sector

Fi r

Lietd « Small pads for good two
track resolution in the
inner sector

Inner sector 1/12

32 Rows 13 Rows
6.2X195mm 2.85X11.5mm
3940 pads 1750 pads
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Current Inner Sector Limitations
e Staggered readout

— Only 13 maximum possible points

* |ssues in Tracking: recognition and resolution
— Only reads ~20% of possible gas path length
* Inner sectors essentially not used in dE/dx
* Essentially limits TPC effective acceptance
ton|<l - =

6.2 mm x 19.5

|
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What is the iTPC U

an 1114

I
i

32 Rows
6.2 X19.5 mm

3940 Pads

ograde?

g

sped JS]T\O

........

TIW ¢'g] X Wl g

sIajua) WUIQZ X 2'9
sped O¥s't Jo [210]

Rebuild the

readout regions

N.Q:

fortheinner

T

sectors:

13 Rows

2.85 X 11.5 MM \mememmmlrmmrn]

1750 Pads

Daniel Cebra
18-Jun-2015
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* Pad Planes
* Wire Planes
 Electronics

W G X WUk gy

spug QGL'T Jo [e3e]

60 cm
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||||||||
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Pad plane

* |ncrease coverage. Higher density FEE
* Prototype has been produced and tested
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BES Phase Il — Relationship to TPC Upgrade ) {44

Basic performance improvements

The TPC inner sector upgrade is important for three reasons:
1) It extends the accessible rapidity range
2) It reduces the low p, cut-in threshold

3) Improves dE/dx resolution
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Siﬂple Geometry =n acceptanceﬁ%

What determines if a track is accepted?
L, 20 hits... fraction of possible > 50%... Enough dE/dx hits
n=0
zcga n=0.9
/ n=1.0 =» Current TPC “limit”
Outer Sectors 1.2
n=
32 pad rows
r] 1.3
130
120 / n=1.5 = iTPC “limit”
60
40
15

200
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R N

seometry eptanc
=== ] | o i | 40Mev/c STAR Low p;
= | acceptance is
: = == dependent on the
= = \60 Me\é/c track quality cuts.
120 MeV/c Quality tracks
require at least 20
160 MeV/c hits.
Current TPC low p;
limit is 125 MeV/c
iTPC low p; limit is
60 MeV/c
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Increased rapidity coverage

Increased efficiency for |n| <1 mostly due to lower p; cut-in values

Increased efficiency for |n| < 1.5 mostly due to tracks exiting the end cap
1

Jem—— ]
TE = —=- 1k -- tpc length > 30 cm E -~ A ++_|_‘|' H-
0.6F | = - _ 1 E —devlC 3 .
- G —y2011 3 Pion1<|n|<1.5
0.4F E E
- - E + 1 ﬂ
E = E +F +
0.2F Pion efficiency - E T +‘|'H
= o F P[0n|n|<1 E—
0 il PP TP T PP et I PP SPEPEPEPE PR IR SRR B ; PP EPEMEPEPE BT PRI IPEPEPIP PP
: e ****i“ﬂ#f ]
5‘08_ R lgeied e i e :;*" _ i T ++ JFJ[ Jr 1
Sosr | e L E =
- FiT - « - E 3 Kaon1<|n|
So04f 7 TUET E .I-Jr
i i ; E‘h -"'...._,_+++-|,—+‘|++ +
0.2 Kaon efficiency CET E -
= L - F Kaon|n|<‘l = _|_Jr
LTRSS e i )
0.85: *_: :3‘* : * ;: ++—>-—+-«++++ ++++ ++—H- 'I' +
0.6F i 2 £ Proton 1< | n|< 1]l
04 - H
E . 3 _ e ++‘*+-|-H'-|-
02: J'_ froton efﬁmenct 1; :_: Proton |T]| <1 :+_.. + +‘|‘ + +
9%, 1 0 10 1 2 0 1 2 3
pt pt
=
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YAV

Additional Tracks Available for Physics

11.5 GeV Total |Standard |Inner p; < 60
TPC Upgrade | MeV/c

Pions 234 +17% 18%
In|<0.5 Kaons 253 124 +30% 4%
Protons 34 26 +10% 6%
Pions 435 283 +21%
In|<1.0 Kaons 47 22.9 +35%

Protons 66 50 +13%




Improvements to dE/dx

Nl <1andp =05 GeVic Mi=1and p =05 GeVlic
= 0.12p | = 03 |
é bl | —=— iTPC Upgrade .% i ! —e— iTPC Upgrade
= 0111 | . - = i
Z - Existing TPC 2 0251 _« Existing TPC
e Ol + > i
E : = B - -
_LI_.]Iu 0.09 —# + . + % 0.2 — *
{}_{m% + o+ '.,. , b 015 ] H
n + .;- AT R " i .
0.07- ‘ 1 ++ i t +++++* IR S Y .
L + - + '-"' .
- "‘l
.06 ‘ - 'Fﬂ *“ o M‘“ +“ " '* * 0-1p ’ q** ) L -, '-'.n.-*
E + + K L L™ Q“"d ey
{-} {}5 C 1 | 1 1 i | 1 i 1 | i 1 i | 1 i 1 | i 1 i | i i 1 | i i i | ﬂ. q B 11 1 I 11 1 I 1 L1 I 1 1| I 11 | | 11 | I I.I 1 I 1 L1 I 1 L1 I
' 160 180 200 220 240 2600 280 300 1200 140 160 180 200 220 240 2600 280 300
Track length from the primary vertex to the edge of the TPC Track length from the primary vertex to the edge of the TPC
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iTPC Physics

B
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200 GeV
»*

*

#®

* 19.6 GeV

14.5 GeV

BES Phase Il

Energy | uB (MeV)

Goals of BES I:

1) Turn —off of QGP

2) Onset of
Deconfinement

3) Critical Point

Goals of BES II:

1) Onset of
Deconfinement

2) Critical Point




Statistics Needed in BES phase Il | 557z

Collision Energies (GeV): 7.7 9.1 11.5 14.5 19.6
Chemical Potential (MeV): | 420 370 315 260 205
Observables Millions of Events Needed
Rep Up to p; 4.5 GeV NA NA 160 92 22
g Elliptic Flow of ¢ meson (v,) 100 150 200 300 400
Local Parity Violation (CME) 50 50 50 50 50
E Directed Flow studies (v,) 50 75 100 100 200
= asHBT (proton-proton) 35 40 50 65 80
E net-proton kurtosis (xc?) 80 100 120 200 400
9 I Dileptons 100 160 230 300 | 400
o Proposed Number of
= | |Events: 100 | 160 | 230 | 300 | 400
0
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Elliptic Flow

Elliptic flow results are improved

AL | | L I L AL L
,\? # Au+AuU, 0-80% *E-'_E+ . Sim: Au+Au @ 19.6 GeV,n-sub EP
e 8 | msubEP gﬁ'_% I ... M<1WoilPC)
5 | |I A K+_K' 0-4_ o ® ® ® . o
Al 50_ Ql‘ ‘:ﬂ:"‘_n' B o 4
Z NG | e e |
— é? I", a & A 4 ° ]
|>< | VoA N ® A 4 & @
S " | € A @ a
>N ~ i 02 " A N @
.->-I-<-~ ﬁll\_ﬁ §x8 - | R L A N L4 . |
. S . i L a
E‘N O_derfhf_“gq_:_ __________ % e | x " 1<inl<2 (w/0 iTPC) *xoy x|
. & L N | 0_". '''''' A P R R
0 20 40 60 20 40 60 30
\Syy (GeV) Centrality (%)
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!I}il, net-baryon
|
| *  Hydro
. |
10 10°
Vs (GeV)

Directed flow of net protons is one of the

key BES-I results

Directed Flow

Daniel Cebra
18-Jun-2015

‘y=0

dv,/dy |

_ - [HHHHH 10-40% Centrallty
0.01- l “ a) proton  —
.
i 1‘ H |
Lo\
- x - g
i l ‘,JM O, <
+ M ' —t—— ] .
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Directed Flow ik—

Proton v, in 7.7 GeV Au + Au

1
,,,,, S A A A,
,,,,,, v 0.8F A
0.02f - A
©0.6F =
~ ok ® 0-10% ar
= % 10-40% — 0.4F
= 40-80% @ A
-0.021 a ©0.2F , rperpe
: 1 . . ((l)j 0.ll ..... R R ;.‘.l..A..
0 1 2 0 1 2

Open questions remain about the
rapidity dependence of the
directed flow

iTPC dramatically improves
the results abovey =1.0
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Directed Flow

0.04 ~
The added reach of 0.02 + * + i
the iTPC allows a ]
significant -

—
measurement of v1 - 0
for most centralities

T l T T T '| T T T I T T T '| T T T | T
1

-0.02 1.3<h<14 -
® TPC )
-0.04 BiTPC 7
1 ] 1 ] 1 ] ] ]
2 ¥ ® X ¥ 8 ¥ R R
L. 2 Qo - o L] L] (Tp] o
~ ¢ w ¥ Q@ 94 T 45 H
o o (= o o o —
Q0 M~ (s} Ny} =T ™ ad
Centrality
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Rapidity Density Widths

— 12 T T T T T T LR T 200 ————
:':; NA49 preliminary B
=4 The Width of the pion rapidity ﬁiiu
< distribution have been suggested to i 0T o
L * | be sensitive to the speed of sound >
ﬂ;: N Z 190" current TPC cannot
— make this »
o8 *.' 5y Mmeasurement =
- ;
A Added acceptance of g
| the iTPC allows a 2 4 0 1 2
A measurement of the Y
70
= rapidity widths v s AGey x
* [ ol & 6 AGeV Ty
R N - 1
' | so0f® 2AGeV ‘;'L‘ P
Pb+Pb Aut+Au @40— ’ ij_‘; e L i*-:"‘._
A AGS Z s . 0
B SPS(NA49) 7 300 - e
* RHIC i . - x T
| | | °F ;*#“— "*“ '-‘l— EA}Y‘
| [ | Ll | Ll | I | L - » aT
U+8 . 4 10:_;, "‘.* = i
10° 10 :
~ g 01‘5‘10‘5(;(;5{1‘5
‘lj SNN ((_TEV) Rapidity (y-y,,,)
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Fluctuation Analysis

0-5% Au+Au Central Collisions at RHIC

Pr Range (Gnls.-‘\ﬁc)

A0 4<p <08
(STAR: PRL112)

OD4<p_<1.2 =

O04<p_<1.4
o 04<p_<16
®04<p <2

Rapidity Range

1 A vl<0.1

1 e o |yl<0.2 ]

3 % [yl<0.3 .
| ® |y|<0.5 ]

% 0. 4"p “E(Gev c) :

(So)/Skellam
g e
I T

2 b
(o)
—

Net-proton |

} STAR Prellmlnary

Published STAR results for
beam energy dependence of
ko? (top panels) and
So/Skellam (lower panels for
net protons in Au+Au
collisions. The left panel
illustrate the effect of p;
selections while the right
panels indicate the effects of
rapidity selections

20 30 100 200 6 10 20 30 100 200

Colliding Energy \ISNN (GeV)

Daniel Cebra
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Fluctuation Analysis

J ' Au + Au Collisions at RHIC
e S *+ _________________________ ] The iTPC brings significant
g i rTI = i = @ new physics with the rapidity
0.8 -
S 1 A $ SLARnEL profon dependence of the net-proton
o ® o ® 0-5% O 7080% .
g. o T T+ {l¥1<0.5; 0.4<p,<0.8{GeV/c)} _ ku rtosis
[} 00 BESllerror
prd
04~ BES Il Proposal oo i This panel shows the effects of
T 5 U T —T T rapidity selections on the ks?
Colliding Energy sy, (GeV) signal and the projected errors
0504 03 0.2 01 I (GeV) for BES”

0%-5% Au+Au; |y[<0.5 - .
§ 0.4<p <08GeV (Published) | S
Vs, =7.7 Gey

¢ O.4<p <20GeV (Preliminary) ¢ Zhn
{  BES-INTPC ¥ Ysuy=27 Gev

o
o c
o 2
o 2 E t BES-INTPC
© Q 2 7]
S gl — TPC
NE i P E 1 -
With iTPC 0T ™~ I
0 L hi i
: : PR TN T N T T N T T T T T A I T T T N N T T A T T A T N T N B
10 10° 0 01 02 03 04 05 0& 07 08
| Sy (GeV) rapidity width
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Da
18

Di-lepton program

The dominate systematic error on the Di-electron program in the
di-electon experiment is the purity of Intermediate mass region is now
electrons. The added pad-rows will possible with the iTPC
improve dE/dx = | — | |
107 —————————— . [(b] 0.01— Data - Cocktail : ---= Rapp: vacuum p +QGP |
108 ;_, e _: Q B e Rapp: broadened p +QGP |
105 ___Z: RN Py range (0.4.0.5) 1 c:JC_J, ! -« PHSD: broadened p +QGP
10 _: © N R with ITPG upgrads
10° ;_ L Udde/E “‘\ _; ECD i e , "-._I : |
10 §— I", »,‘\‘ \ _? S +_l‘.._.‘ _¢._\ -2
Lo s o . 5 op - ——————— B S, =
The expected purity for electrons as S I | v 1* S—
_ : . . 1 .
a function of transverse momentum. M., (GeV/c?)
> 121 — — The expected systematic
= Au + Au s, =200 GeV (MinBias) . .
 tfasmeneg-~jemmw oo saaeseseenasesenee uncertainty of dielectron excess
R S '3..',:{'. ot e mass spectrum with the iTPC
: upgrade compared to the current
0.6
[ TPC case
o4l ® Current TPC
I * excepted with 1T P C | |
0ol = : — . :HICkI:]rogram Aij|s<|3ry It\)/leetlng Slide 25 of 40
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Fixed Target Program
Center-of-mass Rapidity

62.4 7.7 2.10
39 6.2 1.87
27 5.2 1.68

19.6 4.5 1.52
14.5 3.9 1.37
11.5 3.5 1.25
9.1 3.2 1.13
7.7 3.0 1.05

B
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Target Design 2014 and 2015 ﬁ@.

Target design:
Gold foil
1 mm Thick
~1 cm High
~4 cm Wide
210 cm from IR

2014: Passive tests
2015: Beams steered to target
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Run 14 and 15 Setup

iTPC allows
FXT at 7.7,
6.2, and 5.2

-

Fixed-Target | Center-of-mass
Energy Rapidity

7.7
6.2
5.2
4.5
3.9
3.5
3.2
3.0

3.8cm
radius Al
Beam
Pipe

2.10
1.87
1.68
1.52
1.37
1.25
1.13
1.05

STA

R Fixed-Target Run14 Set-up
- - I

Fixed target
atz=2.1m

BBC-\Xest

w
Beam

2.0 cm radius /
Be Beam Pipe

eam Pipe

sf I

UTTTTTTR

ToF e

RHIC Program Advisory Meeting
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ldentifying Target Events Y ST

2014 Passive tests using the beam halo

Lots of — —————— |
background, but o ¥ .
the target events

are evident 5
E = 107
=, 0 =
> -

Three weeks
of running at PR
14.5 GeV -5
resulted in a
few thousand

‘ :' _— | | :' ‘ 2 |
centrtal Au+Au 150 200 250 300
events 7 [cm]

10

P

2 '"G'o.ld_' Targe
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~ 3.9GeV AurAu Event




Au + Au Fixed Target 4.5 GeV 321

e May 20th 2015 — Test run with lowered beam

* 1.25 millions triggers, ~100k central events

Beam Pipe
' _ Flange _
Online Event Display _ _ L Fixed Target
| PrimaryVertices.mPosition.mX3 | \
- T \ \
10000 myHisto \
” |Entries 87965 \
8000—- Mean 127.7
| |RMS B81.62 \
6000} \
4000_
[ Data from a 10 minuté run
mm: Through full production X
_| 1 [ B S, S #.—_,JLM Al

-E&ﬂ -200 -150 -100 -50 0 50 100 150 200 250

Tue Jun 16 15:33:10 2015
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Pion Acceptances ’

.\.\‘lll = ” .\vClll = (’ .\.(lll = ” | ."Clll = ”
3.0GeV || 3.5GeV ;_14|)(icV 4.5 GeV
S 25 s p |
8 | \\\ \\. .l- '/..
- - . | v )
- - sl
Q. & e
A 5
1.5 z
e ‘3
0.5/
0 E 1 | T l 1 el 1 L A : A ' L
-0.5 0 0.5 1 1.5 2

Pion Acceptances are good
from target to mid-rapidity
for all BES Il energies

Proton Acceptances have low
pacceptance threshold. An
iTPC would greatly improve
the acceptance reach here.

Daniel Cebra RHIC Proj
18-Jun-2015 Brookhav

ycm = 0
7.7 GeV

1000

iTPC allows a physics program

from 7.7 to 3.0 GeV in the Fixed
target mode.

ycm = 0
7.7 GeV

N < 2.3 Acceptance of 1TPC

&r—
1.5

1_

! o
0.5 >

o R T e e B | D e vy T 1 4 W) RPEY P ) SN e e v |

Proton Acceptances

\ =10 \ =) \ =() \ =() _\““=(l

. < < Cm . < - i

25GeV||3.0GeV ||3.5GeV | 4.0GeV ||4.5GeV

/

0 0.5 1 1.5 2
p Rapidity
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E E
S E
-3%, 90::—
W 705 dE/dx
B = EXpanded
60 — .
= Y axis -
Particle 50
. . . 40:_ }
|dentification E
30—
. = 3 10
using dE/dx N3  d
and TOF 10E- . X
06 4 2 0 2 4 6 :
—~ 10 q’|p| (GeV/c)
_S =
E O E T re el T - betavsF
< F -t T L Entries 016575
5 s S Meanx 09584
| - - = 5 = = ean y 121 1
v LB = -t -|RMSx 08877 10
- = - 2 - _|RMSy 0383l
= = ; =3
= = b
sE- = 10
= 2
3 —
: e 10
2F -
1:_ -:tl 1 1 1 I_rl_--:-l-l_l -1 1 Irl 1 1 1 I 1 1 1 1 I 1 1 1 1 .1
= 0 0.5 1 15 2 2.5 3
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q*[p| (GeVic)
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ITPC Pictures

B
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Strong back

Only modify position of FEE openings.
No reduction in thickness

Pure construction project, no
engineering and design

- but lots of retrieving old knowledge.

Prototype — original drawings
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Electronics i’f‘

e FEE based on current FEE, but
using ALICE SAMPA chip

* Twice channels per FEE
 RDO similar to existing

 Developments over several
years by BNL electronics group

RDO prototype

Pre-prototye iFEE (ppFEE)
electronic card shown
plugged into the padplane
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Work in Shandong *

* Prototype work ; going through all the steps of
assembly, winding, gluing and testing

(
i
w - 6.
~ r | /
U\ 4 axzg [
Wi - g
’ ) ] 1 = iy
i S ’
- y - ¥ ,
1 T
[ n
PR\ i 5
-
& -
;
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Sector Insertion Tooling

* Concept based on ALICE design
e Cartesian coordinates

Installation
Platform
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Sector Insertion Tooling *

e Sector Installation Platform — It is a platform that consists of
extension slides that brings the sector manipulation tool into the
position for the sector to be installed in the end-wheel.
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Conclusions ﬁ .

 iTPC improves the reach of all BES Il observables
* iPTC brings significant new physics
— Radipity dependence of net-proton kurtosis
— Di-electron program in the Intermediate mass region
— Internal fixed target program covering 7.7 to 3.0 GeV

* The prospect of getting E-TOF for BESII will also
be a boost for the physics.

* The project has made significant progress and has
a dedicated team — for both and data analysis
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Backup Slides

B
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Simplified Production Plan N

* Pad planes at BNL

* Strong backs at UT and/or commercial

* Joining of strong back and pad planes at LBNL
* Wire-winding, mounting at Shandong

* |[nsertion tooling at BNL
* FEE and RDO,DAQ at BNL
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Path forward

* Proposal has been updated since submitted in
~eb. New version is now available

* |t was realized that project cannot be done for
oelow 2M, and that the insertion tooling is a
critical item and should be included

e Review BNL — DOE summer fall 2015

 Most production in FY17,18 — important
procurementsin FY16
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Planned Cost to DOE

Slide 44 of 40

Daniel Cebra
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WBS FY15 FY16 FY17 FY18 Conting | Total
1 Mgt 92.0| 180.5 185.9 125.9 111.5 695.7
2 Electronics 53.3| 602.8 38.9 727.8 268.3( 1,691.1
3 Mechanics 70.4 | 4234 381.4 4.9 173.6 | 1,053.6
Insertion
4 tooling 58.0 | 406.2 82.8 0.0 106.1 653.1
5 Installation 0.0 0.0 0.0 0.0 0.0 0.0
1,612.
Total DOE 273.7 8 688.9 858.6 659.4 | 4,093.5

RHIC Program Advisory Meeting
Brookhaven National Laboratory
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Wire arrangement

* A sub group has studied wire arrangements to
optimize pad layout and looked at ways to

reduced grid leak

Gated Grid = -1M35V e

Ground Shield = 0V
Anode Wires = +1390 V (outer)

-----------------------------

Pad Plane

..................................

9 Inner Sector (Old) f;

/

7 Outer Sector

/

Figure 36: The original STAR pad plane geometry (side view). The outer sector pad rows covered the
entire pad plane but the inner sector pad rows were widely spaced (> 5 cm).

1.2 cm Gap (1.6 cm at anodes)

-----------------------

/ Inner Sector (New) f

!

7 Quter Sector

!

Figure 37: The new STAR pad plane geometry. The outer sector configuration remains the same, but the
inner sector has more pad rows and there aren’t any gaps between the pad rows.
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Elliptic Flow of the phi meson

0-80% Au+Au Collisions at RHIC

0.06 - (1) Vs =7.7 GeV T (2)Vsyy =11.5 GeV -
O
O = ﬁ K*
(o] 4] H A E E+ '.{J,'_'.
0.04| ® o g . B
Ho© : Dq$'+
C e} |' A o @&
a . L] .
<, 002 o & o &
~ ® @
O é % f? ®
D@ O
: '
BESII: ¢-mesgn v, statistical error BESII: o-meson v, statistical error
TPC TPC - -
0.02 |- + ™ -
|

0 0.25 0.5 0.75 1 1.25 0 0.25 0.5 0.75 1 1.25
Transverse Momentum p,/n, (GeV/c)
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Proton Acceptances

Yem=0 | [ Yem=0 || Yem=0 | Y¥m=0
2.5 GeV 3.0 GeV f 3.5 GeV 4.0 GeV

id(\_
Yem =0
4.5 GeV

Z

- 240
< o2 ' 5 Y- 220
i L Tl 5
u N i 200
- LR y — 1
1.5 | i - >
- gy — 160
— - -
B . - — 140
| :-_ — 120
| ] e e i S 2 & | 100
Clearly, to | aiaicai F 80
achieve the - = 60
physics goals, N e :
we need to iy = - 40
improve the sl s 20
forward | 1 | | 1 | | I | | | 1 | | | | | I | | | | I 0
tracking 0 0.5 1 1.5 2
p Rapidity
Daniel Cebra RHIC Program Advisory Meeting Slide 48 of 40

18-Jun-2015 Brookhaven National Laboratory



I~
<

]
‘-ﬂ"'h:’

—
[=]
[ ]

T | llulilll

'I'IIIIII|

(1/2nm )d"Nidm,dy}, _,
3

STAR Preliminary
Au+Al (0-10%)

T 4.5 GaV
4.5 GaV

*
v
* w 3.5GaV
e
*
=

- 3.5GeV
T 5.0 GaV
1 3.0 GaV

1 IIIIIIIILIIIII|IIIIIIIII|.LIIIJ]]JIIII

0 0.05

0.1

.15 0.2 0.25
m-m, (GeV/c")

0.3

0.35

04

S
e 09

Spectra fit with Bose-Einstein Functions

0.85

T T T T T

0.8
0.75

* 4568V Au+Al {0-10°%)
*  3.5GeV Au+Al {0-10%)
*  3.0GeV Au+Al {0-10%)

L
~.

¢
4

4.

0.7

']’JIlIllI.IIIIIIJlII|IIII|I

0.1 0.2 0.3 0.4
m-m, (GeV/c")

0.5

Ratios fit with Coulomb Functions

Daniel Cebra
18-Jun-2015

RHIC Program Advisory Meeting

Brookhaven National Laboratory

Slide 49 of 40



RN 35 J0.35
i R X STAR Preliminary
B - B A o~ ool 1o
0or I % 30r %  STAR AusAl
i v i
.—l-.\_ N ;," EI - E o A FoPl Ru+Ru
— B A Fol +
E 0.8 _ 1 “ 25 \ :AF;; a:lrlmm 10-25
o °L ~ - ¥ HADES C+C
= ; Lt _ [] E802Sl+Au -
o EEE NS * STAR AusAl w© i lo2z
o Al RLS-T)) - E S I{aoSAu:Au . g_e
c o7 ¥ KaoS AusAu c | O 5802 Auvn =
o - 8 x::m:u 2 A g NA48 Pb+Pb =
& | 2 e S vl T
—_— STAR Au+Au + =
o 0.6 Il A NAM PbsPb Kw i O WAsePb.Pd f_}k
= ¢ WAS8 Pb+Pb E i
E i A FoPl Ru+Ru o 10 \ v
i A FoPl NIsNI 3 ! ¥ Wb
05 i @ ¥ HADES Ar+KCl 3 - L
ot [T ¥ HADES C+C - el
- .. O E802 Sl+Au Sl T _005
i STAR Preliminary [ '
0.4 i 1 1 1 1 1 1 1 I 0 i L 1 L 1 1 1 L 1 I 0
3 4 5 &6 7 8 910 20 2 3 4 5 & 7 8 910 20
I8y (GeV) sy (GeV)
Paper has been signed off by the working group. Ready for God Parent Committee
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The Inner Sector Pads are too small%

&

€ OULer sector pad size was cnosen to matc e alrrusion iimit o
P10

— Width (pitch) in the outer sector is 6.7 mm
— Tonko has measured an average of 3 pads hit per cosmic ray track

The inner sector pads were deliberately made smaller (for no good
reason except that people expected it, HW)
— Width (pitch) in the inner sector is 3.35 mm
* note different pad plane to anode wire spacing & gain (2 mm vs 4 mm)
— Tonko has measured an average of 4 pads hit per cosmic ray track
It seems quite reasonable to increase the size of the inner sector
pads so that an average of 3 pads are hit per cosmic ray track

— Note, this does not mean 6.7 mm pitch is best ... due to different gain
and wire geometries in the inner and outer sectors

— Real simulations are required ... but  outer subsector:

Inner subsector: Zero field Roy
: : ro field
v / Halt field Bossingham’s et
T T, /‘/ """" STt : - b [ Hal field
Pseudo pad row &AL e Full field simulations of S
; g the old pad ARl ftelJl
Real pad row H % ) : i X ;
L M geometry (30) i !
Pseudo pad row LN \_/,’ ! : 3 A f [
P - agree with Tonko N LA
_________ (~20) 1L
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TPC Sector Detail — Aging of the
— AnodeWires

~ + Gating Grid
e Ground Shield

 Anode

— 4 mm pitch, no field wires
— Spacing: inner # outer

-~ + Pad Plane
/ Sector Operation for 20:1 signal to noise

Sector |anode |gas gain
voltage

inner 1170 3770 + 10%
outer 1390 1230 + 10%

- —
~ ——p—
1.00 spacing N

ﬁTED GRID — {

1.00 spacing —=t

| SHIELD GRID — {

\ ANODE GRID —,

LAST ANODE me—/

2.00

ANCDE WIRES

4.00 spacing

/ 688.00

6.00
'4.DC‘

75
FasE
'\[
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Pa d S I Ze : Constraints & possibilities ... (numbers, not science)

* The outer sectors are 6.7 mm x 20 mm (pitc
e The inner sectors are 3.35 mm x 12 mm (pitch)

* The full range of possibilities for the new inner pad plane
— Height from 12 mmto 20 mm (nb: 0.5 mm gap on all edges)

Note: only 12, 16 and 20 mm match anode wire spacing (3x, 4x, 5x)

— Width from 3.35t0 6.7 mm

Limited choices in the vertical dimension

* Translate to number of electronic channels _ .
Horizontal dimension will be

— 6,650 channels if 3.35 by 12 mm (50 rows) determined by physics and
— 2,000 channels if 6.7 by 20 mm (30 rows) engineering

e Currently 1750 channels in 13 rows (widely spaced at ~5 cm)
— Range is from 1 to 4x number of channels (for hermetic coverage)

Optimize this suld accommodate 6.7 x 20 pad pitch (87% coverage, 30 rows)
number for |d accommodate 4.8 x 16 pad pitch (100% coverage, 40 rows)
performance guld accommodate 4.2 x 12 pad pltCh (100% coverage, 50 rows)
cost and
engineering
factors
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Implications for dE/dx

arXiv:0807.4303 Phys. Rev. Lett. 108, 072302 (2012).
— 12— —
. B - ==+ Model: Ky with jet conversi
= nof-no? Bichsel @no?-no? corrected N Model & without o comverson | |
* Nok-no’ B!chsel ®nok-no” corrected At ap J
A not-no’ Bichsel @not-no” corrected = KE+p(p) KD
liblf‘.
c e
xeg __________ LNy S
= Sl R

o 25 (b) A R‘,m(p[])/RM(T[t) ® RM[Ki+p(}_J)]/RM(J'[t)
g 2 Gese g R (K +P) /R, (K+p)
=150 - '
_4 2 1SF _ |
! : 4 BT T RV 2 o . @I
p_(GeV/c) b
05— A 8 10 12 14

* This one shows 0 4,/(dE/dx)=8% at L=76 cm P, (GeV/e)
— ~1.50 K-i, 2.50 p-1t: 10 K-p for p>5 GeV/c
— Has gotten better since then: now more like 6%
— Need TOF for K-p in the region 2-4 GeV

e Scales as 1/VL: with 130-180 cm, more like <5.5% everywhere

— Something like 1.50 K-p
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http://prl.aps.org/abstract/PRL/v108/i7/e072302
http://prl.aps.org/abstract/PRL/v108/i7/e072302
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